tions in the frequency of the disorder among the several species also presumably depend on their genetic constitution. The present paper reports that an additional small rodent is prone to degenerative joint disease. Involvement of the intervertebral disks is particularly conspicuous, and sometimes causes incapacity and death in older animals.
Praomys (subgenus Mastomys) natalensis (Davis, 1965 ) is a wild African rodent, intermediate in size and several other respects between rats and mice. This species has been studied under laboratory conditions in recent years because cancer frequently arises in its glandular stomach (Oettle, 1957; Snell and Stewart, in press ). Mastomys is not inbred, but having been reared in captivity is undoubtedly more homogeneous genetically than in the wild. The lifespan is roughly comparable to that of the laboratory rat; the greatest age recorded in the present study was 38 months.
Matetial and Methods
Experimental Animals.-The specimen material represents the skeletal portion of 154 animals, between 8 and 35 months of age, used in a systematic study of the spontaneous lesions of Mastomys. Details of the origin and maintenance of the animals are reported in a separate paper (Snell and Stewart, in press) . The cages in which they were housed were sufficiently high (61 in.) to permit bipedal erect posture. The cages were plastic, had flat bottoms, and were bedded with wood shavings.
Evaluation of Joint Disease.-Satisfactory sagittal histological sections of segments of the thoraco-lumbar spine were available in 134 animals (Table I ). In one of these, 23 months old, serial sections of the entire vertebral column were made and stained variously by haematoxylin and eosin, periodic acid-Schiff, Alcian blue (pH 2-5), aqueous toluidine blue (pH 4), Rinehart, Wilder reticulum, crystal violet, Congo red, and Masson trichrome procedures (Lillie, 1965) . Frozen sections of several degenerated vertebral columns were made after decalcification and stained with oil red 0; and von Kossa stain was used on an undecalcified section. Casual sections of the knee and other peripheral joints wet e available in some animals. To determine the distribution of the articular lesions, the skeletons of an additional ten female (average age, 29 months) and ten male (26 months) Mastomys were prepared by maceration with papain (Table II, and  Table IfI, opposite) . The degree of degenerative disease was scored in the various joints on a 0 to 4 severity scale, according to the extent of eburnation and erosion of the articular surfaces as in previous studies (Sokoloff and others, 1962) . This is a sensitive index of osteo-arthritis in the diarthroses, but detects only advanced disease of the intervertebral disks. The reason for this is that the epiphyses of the vertebral bodies remain ununited throughout life; variable separation occurs during the maceration procedure.
Skeletal Proportions.-Because generalized degenerative spinal and peripheral joint disease occurs at times in association with several patterns of abnormal skeletal conformation in man and several other species, body proportions were determined in a group of retired breeder male and female Mastomys 7 months old. The skeletons were defleshed by dermestid beetles (Hall and Russell, 1933) (Fig. 3) . 
(10) (I I) The zygapophyseal joints in or adjacent to affected vertebral centra sometimes had osteo-arthritic changes. Disk protrusions were much more common in males than in females (Tables I and III) . The initial histological event in the degeneration of the disk has not been established. Focal necrobiosis of the physaliforous cells of the nucleus pulposus was seen quite commonly as an isolated abnormality in some animals; in others, small areas of disintegration of the annulus fibrosus, and death of its cells, were present while the nucleus pulposus was apparently preserved. Fissures sometimes appeared early between the nucleus pulposus and the annulus fibrosus; occasionally extravasated erythrocytes lay within these spaces.
The interpretation of the early lesions was complicated by the fact that aseptic necrosis of the secondary centres of ossification of the vertebrae was a common finding (Table I, Before destruction of the entire disk, the degenerated areas commonly appeared sequestrated within fibrillated, disrupted annulus fibrosus (Fig. 5, over Fibrillation of the costal joints was frequent, both at the sternal and the vertebral ends of the ribs. The sternal synchondroses for the most part had mild focal degenerative changes. The distal sternebra was usually sharply angulated ventral to the rest of the sternum. The cartilage between the two was distupted; round islands of necrotic chondrocytes lay within amorphous and hyaline material like that in the degenerated intervertebral disks. Striatedmuscle from the hind quarters had no myositic changes. Body Proportions.-The general configuration of Mastomys was comparable to that of mice and rats, but the length of the appendicular, relative to the axial skeleton was greater in the former (Table IV) . Slight but significant sex differences in body proportions were found in each of the species. The femurs were longer, relative to the "trunk" (i.e. snout-anus length minus head length) in females of each species.
Clinical Manifestations.-After 2 years of age, the animals increasingly displayed a disinclination to use the hind extremities although they were capable of doing so when lifted by their tails. It is difficult to interpret these findings necessarily as evidence of spinal or peripheral joint disease, because this behaviour is also observed in other old laboratory rodents not known to have such lesions. Overt paraplegia was, however, seen at times. The retrospective data are incomplete in this regard, but it probably occurred in fewer than 10 per cent. of the Mastomys.
Discussion
Osteo-arthritis is commonly regarded as a "wear and tear" disorder of senescence, in which mechanical factors cause abrasion of articular cartilage and remodelling of the contours of joints. The concept that biological properties of the animal contribute significantly to the development of the disorder rests in large part on the demonstration of genetic differences in their susceptibility to it. The present observations in Mastomys add further evidence of this sort.
The widespread character of the lesions suggests that some presently unrecognized peculiarity of the articular tissues is the focus of this susceptibility. It is, therefore, of interest that degenerative changes, having considerable histological similarity to those in the disks, were also present in the distal sternebral synchondroses that appear subject only to restricted stresses. Further identification of the predisposition to degenerative disease is necessarily only a matter of animal at present.
Severe precocious and generalized degenerative joint disease has been recognized in man (Moldawer, 
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Hanelin, and Bauer, 1962) and other species having inherited peculiarities of epiphyseal and presumably articular (including intervertebral disk) cartilage. Chondrodystrophoid breeds of dogs, particularly dachshunds, are prone to develop degenerative intervertebral disk disease (Hansen, 1959) . Much variation in the size and shape of the skeleton is known to exist among the 570 named forms of Rattus (Walker, Wamick, Lange, Uible, Hamlet, Davis, and Wright, 1964) . "Dyschondrogenesis" has been regarded as the basis for the degenerative joint disease in STR/1N mice by some investigators (Silberberg and Silberberg, 1964) , but not by others (Sokoloff, Varney and Scott, 1965) . The body proportions of Mastomys do not indicate that the animal is chondrodystrophoid.
Regardless of systemic factors, localized peculiarities (presumably mechanical) also are important insofar as certain joints are spared while others are severely involved. The preservation of the hip joint is remarkable inasmuch as it, in contrast to the knee, has not been involved in any of the species of laboratory rodent studied. Osteo-arthritis of the hip is exceedingly common in certain breeds of dogs, such as the German shepherd. Here it develops secondary to dysplasia of the hip (Riser, 1963) and typically does not have the generalized character of the lesion in rodents. Among rodents, Mastomys is the species, with the exception of STR/1N mice, that is most susceptible to degenerative joint disease. The vertebral involvement exceeds that of the other rodents. In guinea-pigs, the shoulders are frequently involved (Silverstein and Sokoloff, 1958) ; in Mastomys they are not. Postural stress, induced by amputation of the forelimbs in new-born rats, has been reported to cause degeneration of intervertebral disks (Yamada, 1962) .
Rats of various strains have had little degenerative disease of peripheral (Sokoloff and Jay, 1956) or spinal joints (Bokelman, 1964) . Marginal osteophytes have been found with some frequency on the ventral aspects of the thoracolumbar vertebrae. The suggestion was previously offered that these arise as a consequence of aseptic necrosis of the adjacent vertebral epiphyses in animals having senile kyphosis (Sokoloff and Habermann, 1958) . The kyphosis has at times been attributed to the housing of the rats in low cages. In Mastomys aseptic necrosis occurred frequently although they were not necessarily kyphotic; nor was it clear that the epiphyseal necrosis was causally related to the degeneration of the disk. The height of the cages employed here precludes Haltungskyphose as the basis for their spinal disease. A senescent muscular dystrophy has been described in the hindquarters of Sprague-Dawley rats (Berg, 1956) . It was manifested clinically by weakness of the hindpaws, and histologically by nonspecific degenerative and atrophic changes. These rats also had kyphosis and neural lesions in the form of myelin degeneration of the spinal roots and peripheral nerves (Berg, Wolf, and Simms, 1962) . Although the skeletal muscle in Mastomys did not usually have the histological changes reported in the rats, there are certain similarities in the syndromes and a further examination of the intervertebral disks in that strain may be warranted.
Genetically governed degeneration of the nucleus pulposus had been described in mice having the Pintail (Pt) trait (Berry, 1961) . Aside from shortening and deformity of the tail, the more proximal spine had abnormally small nuclei pulposi. Accelerated "ageing" manifested by fibrosis of the nucleus pulposus and focal ossification of the annulus developed in these mice within 100 days of birth, but further degeneration and protrusion of the disks, comparable to that in Mastomys was not described.
Whether protrusion of degenerated intervertebral disks in man and other large species originates in degeneration of the nucleus pulposus or of the annulus fibrosus has been argued both ways. A decrease in the water content as well as alterations in the polysaccharide-protein composition of the nucleus pulposus occur with ageing in man (Puschel, 1930; Mitchell, Hendry, and Billewicz, 1961; Lyons, Jones, Quinn, and Sprunt, 1964) , and collapse of the disk is often ascribed to these changes and a diminished elasticity they are postulated to entail. An age-correlated decline of the chondroitin 6-sulphate/ keratosulphate ratio in the nucleus pulposus has also been documented in rabbits (Davidson and Small, 1963) . On the other hand, herniation of degenerated disk tissue requires that annulus fibrosus be disrupted; and degenerative changes also take place with age in the annulus (van den Hooff, 1964; Butler and Smith, 1965) . Both the nucleus pulposus and the annulus fibrosus are consumed in the degenerative process in Mastomys. The initial event has not been resolved by the present studies.
The reasons for the conspicuous sex differences in the intervertebral disk lesions in Mastomys are not apparent. A comparable situation exists in bovines, and has been attributed to the copulatory stresses of the bull (Thomson, 1965) . Osteo-arthritis of the knees is consistently greater in male than in female mice, and a number of hypotheses have been offered to account for this (Sokoloff and others, 1965 (Table IV) ; nor was there a sex difference in the lesions of the knee. Sex differences in bone length are not confined to the femur. A slightly greater tail length in female rats previously reported by others (Donaldson, 1924) was again observed here. It also was present in Mastomys. Stress, induced by fighting, has been reported to increase the relative size of the nucleus pulposus in the Orkney vole (Chitty, Chitty, Leslie, and Scott, 1956 
